The uncoupling of oxygen sensing, phosphorylation signalling and transcriptional activation in oxygen sensor FixL and FixJ mutants.
The rhizobial FixL/FixJ system, a member of the superfamily of bacterial two-component signal transducing systems, regulates the expression of nitrogen fixation-related genes by sensing environmental oxygen tension. Oxygen-free (deoxy) FixL is autophosphorylated at an invariant histidine residue with ATP, and the phosphoryl group is transferred to FixJ, leading to an enhancement in transcriptional activity at low oxygen tensions, but the histidine kinase activity of the oxygen-bound (oxy) form is inhibited. To investigate the mechanism of oxygen sensing, we established a FixL/FixJ-mediated PfixK-lacZ reporter system in Escherichia coli, and isolated FixL and FixJ mutations conferring an upregulation of lacZ gene expression on the reporter cells even under aerobic conditions. FixL mutant proteins, which contain single amino acid changes near the autophosphorylation site, showed elevated levels of autophosphorylation and a concomitant phosphoryl transfer to FixJ in the presence of oxygen, although their oxygen-binding affinities were unimpaired. These mutational analyses suggest that the autophosphorylation domain plays a crucial role in regulatory coupling between oxygen binding and kinase activity. FixJ mutants in helix alpha1 and strand beta5 of the N-terminal half exhibited the formation of a stable acyl phosphate bond. In contrast, those in helices alpha4 and alpha5 constitutively bound to the fixK promoter in a monomeric form, suggesting that the alpha4 and alpha5 helices may be involved in the post-phosphorylation/dimerization signal transfer to liberate the DNA-binding activity of the C-terminal domain, not only serving as a dimerization interface.